Purpose. The present study aimed to compare the acute hormonal and metabolic response following a resistance training (rT) session with and without inter-set stretching. Methods. Overall, 13 men with minimum 1 year of experience with rT were randomly allocated to 2 groups: traditional rT group (TrT; n = 6; age: 22.5 ± 4.7 years; body weight: 83.1 kg ± 5.7 kg; height: 179.8 ± 6.9 cm; BMI: 25.73 ± 1.17 kg/m 2 ) and stretching rT group (SrT; n = 7; age: 23.4 ± 4.3 years; body weight: 82.3 ± 11.7 kg; height: 177.7 ± 11.0 cm; BMI: 26.02 ± 2.5 kg/m 2 ). The rT protocol consisted of 6 bench press sets to failure at 80% of 8 repetitions maximum, with a 1-minute rest interval between sets. During the rest interval, the TrT group remained resting, while the SrT group was submitted to shoulder anterior chain muscles stretching. Results. The results revealed a higher increase in lactate (32%) and total leukocytes (17%) immediately following exercise in the SrT group as compared with the TrT group (p < 0.05). An increase in total testosterone and cortisol was observed in both groups, without differences between them (p > 0.05). There was a progressive decrease in the total number of repetitions completed along sets, without differences between groups. Conclusions. The use of agonist stretching between sets increases the acute metabolic response during an rT session, which could be useful to intensify rT in trained participants. 
Introduction regular resistance training (rT) promotes chronic adaptations related to muscle and power increase, and muscle hypertrophy [1] . There are different rT components; each of them has a specific configuration of the acute variables, including intensity, volume, rest interval between sets, and exercise selection and order [2] . The manipulation of rest interval between sets alters the acute hormonal [3] , metabolic [4] , and neuromuscular response to rT. Some practitioners use a short rest interval seconds) between sets to potentiate muscle hypertrophy, based on exacerbated acute immediate hormonal response [3] , which could, in part, change cellular signalling and promote neuromuscular adaptations. The acute elevation in hormonal response during and immediately following exercise is associated with higher metabolic stress,
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Human Movement, Vol. 20, No 1, 2019 humanmovement.pl evidenced by lactate, inorganic phosphate, and hydrogen ion accumulation [1, 2] . In theory, the acute increase in hormonal response would favour the interaction with receptors, inducing anabolic intracellular signalling [5] . Furthermore, the inter-set stretching of the agonist muscle has been applied to optimize the metabolic and hormonal responses to rT. The use of inter-set muscle stretching increases the time under tension and muscle blood flow restriction, which may raise neuromuscular, hormonal, and metabolic response [6] . The stretching of the agonist muscle between sets promotes some neuromuscular alterations, reduces the muscle blood flow, and increases the ischemic response during an rT session [7] . The higher accumulation of metabolites induced by inter-set stretching may elevate the blood concentration of anabolic hormones, such as growth hormone, insulin-like growth factor-1, and total testosterone [6] .
Inter-set stretching has been shown to affect the acute performance of neuromuscular response [8, 9] . Do rosário Souza et al. [10] investigated the effects of static stretching between sets during bench press and squat exercises. The authors found that inter-set stretching reduced the total number of repetitions completed and the performance of muscle strength.
Only one study evaluated the effects of stretching between sets on hormonal response. Souza et al. [7] found no alterations in resting cortisol or growth hormone following 8 weeks of rT with stretching between sets. Although their study was designed to investigate the chronic adaptations to this method, no research evaluated the acute hormonal response.
Thus, the present study aimed to compare the metabolic and hormonal response following acute rT with and without stretching between sets. The initial hypothesis is that inter-set stretching results in a more pronounced hormonal and metabolic stress response as compared with rT without stretching between sets.
Material and methods

Participants
The total of 13 male participants with more than 12 months of experience with rT were selected for the study. The subjects were healthy, did not present any contraindications to complete the tests and exercises proposed, did not use medications or supplements that could potentially interfere with the results. The division of the participants into 2 different groups followed the randomization and counterbalance criteria. 2 ). All participants were informed about the purposes, procedures, possible risks, and benefits of the study.
Experimental procedures
Data were collected during a 3-week period. First, the participants visited the laboratory to determine their anthropometric profile, to get familiarized with the rT equipment (Cybex Incorp, USA), and to complete the test of 8 repetitions maximum (8 rM). The following 2 weeks consisted of acute rT sessions. Blood samples were collected between 08:00 and 10:00 a.m., before and immediately after the rT sessions. The subjects were advised to remain fasting for 12 hours during the night before data collection and to avoid any exercise, medications, supplements, and alcoholic drinks for 48 hours before the tests. After the pre-exercise blood sample collection, the participants received maltodextrin (0.7 g/kg) in 8% solution and initiated warm-up 30 minutes later.
Strength testing
The participants completed a bench press 8 rM testing in accordance with the recommendations of Do rosário Souza et al. [10] . The test was terminated at the moment when the subjects were unable to perform the complete movement or when the concentric failure occurred. The following strategies were adopted to reduce test variations: (1) standard instructions were given before the test so that the volunteer was aware of the entire routine to be performed during data collection; (2) the subject was provided with technical instruction on the exercise performance; (3) the evaluator was aware of the position adopted by the practitioner during the test, since slight variations in the positioning of the joints involved in the movement could trigger other muscles, leading to misinterpretation of the obtained scores; (4) the participants were verbally encouraged with the purpose to keep their motivation level high; (5) the weight plates used in the study were previously measured on a precision scale. The participants were allowed to rest for 3-5 minutes between trials with 3 attempts and the initial load determined in the familiarization session.
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Acute protocols
Both groups completed a cycle ergometer light warmup lasting 5 minutes and 8 repetitions of bench press at 50% of 8 rM. The participants were then submitted to 6 sets of bench press at 80% of 8 rM to concentric failure, determined by the inability to complete the concentric phase of the movement. The TrT group completed the protocol with a 1-minute rest interval between sets, while the SrT group applied passive static stretching of the shoulder internal-anterior chain muscles (chest and anterior deltoid) during the rest interval, as shown in Figure 1 . The subjects remained lying on the bench with shoulders in horizontal abduction and elbows slightly flexed (Figure 1 ). 
Fatigue index
The participants were advised to complete as many repetitions as possible in each set. The rate of decline in the number of repetitions per set was used to calculate the fatigue index as proposed by Sforzo and Touey [11] : Biochemical analysis Blood samples of 3 ml were collected from the antecubital vein into Vacutainer tubes (Becton Dickinson, São Paulo, Brazil). The samples were centrifuged at 800 g (4°C, 10 minutes). Plasma lactate was determined by the colorimetric method (Weiner Lab, São Paulo, Brazil). The lactate present in the sample is oxidized by the lactate dehydrogenase of the reagent in the presence of oxygen, producing pyruvate and hydrogen peroxide. The hydrogen peroxide suffers the action of peroxidase that produces the chromogenic compost absorbed at 540/550 nm. Cortisol and total testosterone concentrations were evaluated with the use of a chemiluminescence kit (roche, São Paulo, Brazil) in accordance with the kit recommendations. Total leukocytes count was determined by impedance.
Statistical analysis
The data are expressed as mean ± standard deviation (SD). Shapiro-Wilk and Mauchly's tests were applied to check for normality and sphericity, respectively. repeated measures ANOVA (group × time) was used, and alpha levels were set at 0.05. The Greenhouse-Geisser correction of degrees of freedom was utilized when sphericity was violated. Tukey's honest significant difference (HSD) post-hoc test was used when appropriate and the differences in the number of repetitions between sets were verified by the polynomial orthogonal contrast test. Eta partial squared was calculated for each ANOVA as a measure of effect size. The threshold values for small, moderate, and large effects were assumed to be 0.01, 0.06, and 0.14, respectively. The analyses were performed with the SPSS software, version 22.0 (SPSS Inc., Chicago, USA).
Ethical approval
The research related to human use has been complied with all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and has been approved by the local research Ethics Committee for Human Use (2.639.316/2018).
Informed consent
Informed consent has been obtained from all individuals included in this study. Table 1) . There was a significant increase in total leukocytes immediately following exercise (F(1,11) = 5.27; p < 0.05; Table 1) .
Discussion
The present study aimed to compare the acute effect of rT with and without stretching between sets on the total number of repetitions, as well as metabolic, hormonal, and leukocytes response in trained men.
SRT -stretching resistance training, TRT -traditional resistance training Both groups presented a decrease in the number of repetitions along the bench press sets, and an increase in cortisol and testosterone, with no differences between protocols. Lactate was 32% higher following rT with inter-set stretching as compared with the protocol without stretching. Moreover, total leukocytes increased only after the protocol with inter-set stretching. Several studies showed the acute negative effect of inter-set stretching on muscle strength [9, 12, 13] . The proposed mechanisms for the decrease in muscle strength include mechanical factors that alter the viscoelastic properties of the myotendinous unit and neural factors, such as a decrease in the activation of motor units. However, results from the total number of repetitions are controversial in the literature, and this is the first study to evaluate the acute metabolic stress induced by inter-set stretching during rT.
Nelson et al. [14] investigated physically active men and women submitted to a stretching protocol composed by 2 exercises to knee flexors with 4 sets of 30 seconds and 15 seconds of interval between exercises. The results revealed a 24% decrease in the total number of repetitions completed in the knee curl exercise. The performance was less affected with lower intensities (9% reduction at the intensity of 40%) as compared with the session without stretching. In the present study, there was a decrease in the total number of repetitions among sets, without differences between protocols. Possible explanations include the different intensity (80% of 1 rM) and stretching used as compared with the study by Nelson et al. [14] . The results of the present study are in accordance with those obtained by Gomes et al. [15] , who investigated the effects of static stretching on the maximum number of repetitions at 40%, 60%, and 80% of 1 rM and found no differences between the protocols with or without stretching at the intensity of 80%. To note, the variations in the number of sets, exercises, strength performance evaluation, rest interval between sets, and time under stretching are widely variable between studies, which makes some comparisons difficult.
Fowles et al. [16] utilized 135 seconds of stretching observing a 25% decrease in the performance of maximum voluntary contractions. In the present study with 60 seconds of stretching, the decrease in the total number of repetitions along sets was similar between protocols. The lower time under stretching as compared with the study by Fowles et al. [16] may not be sufficient to decrease motor units activation and muscle electromyographic activity, while higher lactate and leukocytes were observed following the inter-set stretching protocol.
Moreover, in the present study, the participants were advised to remain in the stretched position, but not forced stretching, which may be considered a passive static procedure with a low overload on the muscle. As described by Funk et al. [17] , this type of stretching may not impact on muscle performance, especially in trained participants. Figures 3A and 3B illustrate that there was no difference between protocols in the drop of total repetitions and fatigue index. Lopes et al. [18] found a higher decrease of 12% in the total number of repetitions with a stretching protocol, with no difference in the fatigue index. ribeiro et al. [19] observed no difference between the impact of stretching before the bench press and no stretching on the total number of repetitions completed at 80% of 1 rM, or on the fatigue index. It seems that stretching before rT does not affect the fatigue index as reported by ribeiro et al. [19] and Lopes et al. [18] .
The results of the present study revealed an interesting issue. Although the stretching protocol showed no additional negative effect on repetitions performance, it resulted in higher metabolic stress (32% more lactate) and higher total leukocytes count as compared with the TrT protocol. The increase in total leukocytes may be associated with the increase in cortisol [20] , as this hormone stimulates immune cell migration from bone marrow to the bloodstream, and, later, to damaged tissues [21] . Evidence from an experimental study showed that blood flow decreased proportionally with muscle stretch [22] . Furthermore, Mayhew et al. [23] found that a 1-minute rest interval between sets resulted in higher total leukocytes as compared with that of 3 minutes. Kruse et al. [24] demonstrated that in humans retrograde muscle blood flow decreased following stretching. Otsuki et al. [25] observed a decrease in blood volume accompanied by a general decline in microvascular muscle oxygenation induced by stretching. McCully [26] also demonstrated that the combination of stretching and isometric contractions resulted in a dramatic decrease in muscle oxygenation.
Mohamad et al. [6] suggest that stretching between sets may induce hypertrophy to a greater extent than TrT. Although it is tempting to correlate the acute increase in testosterone with muscle hypertrophy, this mechanism is a matter of strong debate in the literature [27] . There is evidence linking lactate (increasing the phosphorylation of the p70S6K enzyme, a target of the mTOrC1 anabolic pathway) increase with an elevation of circulating testosterone and cortisol [28] . Lactate has been proposed as an anabolic signalling molecule [28, 29] . The present study has some limitations, such as the limited number of participants in each group, as well as the lack of evaluation of the range of motion gains during stretching, direct measures of hypoxia, tissue damage, and patterns of muscle activation. The inclusion of more mechanisms, different types of stretching, and molecular pathways could help to understand the effects of inter-set stretching. To note, participants from the present study were trained and may have had limited responsiveness capacity as compared with untrained people, which reinforces the importance of the results.
In the literature, there are studies that evaluated the effect of stretching on performance, including a study by Walsh [30] , who found an increase in the proprioception characteristics and a decrease in strength at the same time, especially with static stretching. On the other hand, despite the limitations enumerated above, this is the first study to evaluate the influence of inter-set stretching on metabolic and hormonal parameters.
Conclusions
The data obtained from the present study suggest that 60-second stretching between sets during the bench press exercise does not interfere with total repetitions along sets, while it results in higher metabolic stress and total leukocytes count. Long-lasting studies should confirm that higher acute metabolic stress is accompanied by higher muscular adaptations.
